A videotaping methodology has been developed for use in quantifying the types and frequencies of children's hand and mouthing activities that could lead to exposure to environmental pollutants via dermal and ingestion pathways. Twenty children in day care, ages 3 ± 6 years and 10 children in residences, ages 2 ± 5 years, were videotaped during their waking hours for 1 day. Parents of each child completed questionnaires for the purpose of evaluating the accuracy of parental reports of hand-to-mouth rates. Videotapes were translated as quantifiable activities by two trained observers whose reporting reliability was checked throughout the investigation. Results determined that reliability of the videotaping method was very good, even over a year post-training. From videotape data, the average hand-to-mouth frequency rate was determined to be 9.5 contacts/h. These values are considerably higher than the current default value of 1.56 contacts/ h under consideration by the EPA.
Introduction
Children, as a subset of the population, are of particular concern when investigating exposures to environmental pollutants because of their frequent hand and mouthing behaviors California Air Resources Board, 1991; Schwab et al., 1992; Eckerman, 1994; Lewis et al., 1994) . Because of these contact and mouthing activities, children may have high exposures to dust-laden pollutants such as lead and pesticides through dermal contact or ingestion. Ingestion of dust-laden compounds may result from contamination of hands and objects, including food, that are subsequently placed into the mouth (Bruhn and Pangborn, 1970; Robischon, 1971; Barltrop et al., 1974; Sayre et al., 1974; Charney et al., 1980; Gallacher et al., 1984; Bornchein et al., 1985; Roberts and Camaan, 1989; Roberts et al., 1991; Davies et al., 1990; Ross et al., 1990; Thornton et al., 1990) .
Despite the fact that children may be at increased risk because of exposure to many compounds in the environment, most available activity pattern data focus on adult populations and general activities such as time spent indoors or in transit (Moschandreas and Relwani, 1990; California Air Resources Board, 1991; Schwab et al., 1992) . The lack of studies focusing on children's hand-tomouth activities may be due to difficulties associated with obtaining reliable data from children or their parents through traditional methods such as questionnaires and diaries (Medrich, 1982) . Many of the difficulties encountered in obtaining reliable data on children's mouthing behaviors from questionnaires can be overcome by using a direct observational method. This approach serves both as a means of validating information available from questionnaires, and as a direct measure of frequency of contact with different types of surfaces and hand-to-mouth behaviors.
Recently, a study employed a videotaping methodology to quantify the hand and mouthing activities of four children (Zartarian et al., 1995 (Zartarian et al., , 1997 . The research reported here significantly expands upon the study conducted by Zartarian by utilizing a videotaping methodology in parallel with a time/activity questionnaire to quantify the hand and mouthing behaviors of 30 children and evaluate parents' perception of their children's activities.
Results of tests conducted to determine the reliability of the method are also presented. The tests were utilized to define: (1) the amount of training required to obtain reliable activity information; and (2) the reliability of activity information collected during the year after training. Results from analysis of activities captured on videocassettes of 20 children in a day care facility and 10 children in residential environments are reported in this manuscript. Residences and day care programs represent the two most common places where young children spend their waking hours and thus may be considered the natural habitat of young children.
Methods

Videotaping Procedures
A Sony video camera recorder, model number CCD-TR33, was employed to record the activities of each child. The observers taping the children were trained in a protocol developed at the Environmental and Occupational health Sciences Institute (EOHSI) in the use of the camcorder so that the focus of the taping was the child's hands and face.
The first phase of the study utilized a Rutgers Universityaffiliated day care facility in New Brunswick, NJ, from where 20 children 3± 6 years old from three classrooms were randomly selected for participation. The average age of the day care child was 56.8 9.7 months. Each day, one child was selected and studied at the facility. Two observers alternately followed the child and recorded his/her activities on film, concentrating on their hand and mouthing behaviors. Over the course of the day, the observers attempted to avoid direct interaction with the child in order to reduce the effects that interaction might have on the child's normal activities. A total of 112 h of activities were taped at the day care. Individual children's observations ranged from 3 to 7 h, with a median of 6 h per child. Observations started between 8:15 and 10:00 A.M. and ended between 1:00 and 1:15 P.M. for children attending the morning session of day care (n=2) and between 4:20 and 6:00 P.M. for children attending full day programs. The children attending morning sessions were taped on 2 concurrent days so that a full day of taping could be obtained.
Ten children residing in Newark and Jersey City, NJ, were recruited for the videotaping investigation. Children eligible for participation included 2 ±5 year olds. The average age of residence children was 43.312.6 months. The same two observers were responsible for following the focal child on the taping day and recording the child's activities, concentrating on hand and mouthing behaviors. Total taping time for each residential child ranged from 5 to 6 h, for a total of 56 h. Observations started between 9:15 and 10:30 A.M. and ended between 4:00 and 6:00 P.M.
Taping ceased during time the child was in the bathroom, sleeping, or changing clothing. Nine of the day care children and none of the home children took naps on the day videotaping was conducted. Naps at the day care facility were after lunch, typically starting around 1:30 P.M. and lasting 1 h (range 56±104 min).
Videotape Translation
The behaviors selected for quantification were modified several times after experience was gained in assessing major activity patterns and personal behaviors. For this study, the following nine activities were quantified Ðhand to: clothing, dirt, another hand, mouth, object, other items (including paper, grass, and pets), smooth surfaces, textured surfaces, and placing objects into the mouth. Hand and mouthing activities were quantified by manually recording the frequency over 5-min intervals. For the purpose of scoring, each behavior was assigned a one-or two-letter code. Translating the behaviors from videocassettes into quantified activities was achieved by employing a pen-and-paper format on which was recorded the sequence of behavior codes. The frequency of each activity was then calculated by adding up the number of times each activity occurred during the interval; for each 5-min interval, the child was observed. For example, if a child was observed for 5 h, the activity frequency would be summed over each 12 consecutive 5-min intervals for each hour. The average hourly rate would be determined by summing the frequency for each hour and dividing by the number of hours of observation.
Reliability Assessment
To assess reliability of the videotaping method, the two observers responsible for translating the videocassettes independently scored several tapes and the frequency counts obtained by each observer were compared for specific behaviors. Reliability was examined by calculating Spearman correlation and kappa coefficients, which measured agreement between the scores recorded by the two observers. In order to ensure that the two observers would be able to produce comparable frequency counts, reliability was assessed during the training period, which occurred for 1 week: October 25, 1995 to November 2, 1995. Reliability was checked four more times throughout the 2-year study.
Results
Reliability of Videotaping
Results obtained for inter-observer reliability tests during the week-long training period are presented in Table 1 . It shows an increasing trend in Spearman and kappa coefficients over the week. The values obtained for both reliability indices were very good at the end of the training period (r s =0.999, k=1.00). Even 1 year posttraining, when segments from four tapes were randomly selected to be scored by both observers, reliability was found to be high. Results of this statistical test are found in Table 2 and show correlation coefficients ranging from 0.892 to 0.995 and kappa coefficients ranging from 0.73 to 1.00.
Hand and Mouthing Activities From Videotapes
Children's activities were quantified from 5-min videocassette intervals and were summed to give hourly values for frequency counts. The range of hourly frequency counts for contacts with the mouth, objects, and smooth surfaces, as well as the activity of placing objects into the mouth are presented in Tables 3 and 4 for residential and day care children, respectively. These tables show the degree of intra-child variability with respect to hand and mouthing behaviors. Contact rates for the activities under investigation were summed across all 30 children in order to provide information on average, median, 90th percentile, and range of hourly frequencies for each activity. Comparison of activities of children in home settings and day care showed that rates of many of the activities did not differ significantly between venues and therefore, data from homes and day care were combined. Only contact with smooth surfaces was greater for residential children than day care children (average contact with left hand 77.5 vs. 55.4, p =0.06; average contact with right hand 81.4 vs. 38.9, p= 0.01; for both hands, p = 0.003). Results for the 30 participating children are illustrated in Table 5 . Highfrequency activities included hand contacts with: clothing Reed et al.
Quantification of children's hand and mouthing activities through a videotaping methodology (66.6 contacts/ h), objects (122.9 contacts/ h), other items (82.9 contacts/h), and smooth surfaces (83.7 contacts/h). Lower-frequency activities include hand contacts with dirt (11.4 contacts/ h), another hand (21.1 contacts/ h), the mouth (9.5 contacts/ h), textured surfaces (22.1 contacts/ h), and the action of placing objects into the mouth (16.3 times/ h). It should be noted that hourly intra-child variability was substantial for many behaviors.
Further elaboration of the intra-and inter-child variability is shown in Figures 1 and 2 . These figures show frequency of hand and mouthing behaviors for two children in consecutive 5-min periods. Similar to the hourly rates of behavior, there was a wide range in activity levels over 5-min periods both within and between children.
The frequency of hand and mouthing activities in the preceding data was combined for both right and left hands. For the most part, this was reasonable to do since for many activities, most children acted upon their world equally with both hands, and these bilateral behaviors were independent of the frequency of activities. However, object-to-mouth behavior showed a strong preference for the right hand compared to the left hand for nearly all children (mean ratio of right-to-left object-to-mouth behaviors=6.8).
Because similar work has been conducted and results published concerning children's hand and mouthing behaviors, frequency counts from our study were compared to values reported by Zartarian et al. (1997) . To compare frequency counts of activities found in the Zartarian study with frequency counts obtained in the current study, several variables from the Zartarian study were condensed to correspond to scores obtained for our broader categories. Average values based on means across the four children investigated in the study of Zartarian et al. (1997) were calculated for each activity and compared to the average values obtained in this study. Frequency scores for seven activities measured in the two studies are illustrated in Figure 3 , and frequency counts are very similar for contacts with dirt, the mouth, other items, and hard surfaces. Some discrepancies were found in frequency counts for contacts with clothing, objects, and soft surfaces.
Accuracy in Parental Reporting of Mouthing Behaviors
Estimates of hand-to-mouth and object-to-mouth frequency obtained from time/activity questionnaires were compared to videocassette observation data for the 10 children observed in their homes. This was done to evaluate the accuracy of parental reports of their children's daily activities. The ordinal scale responses from parent questionnaires were compared to actual hourly frequency counts obtained from videotapes. Boxplots comparing parental and videotaped hand-to-mouth and object-to-mouth frequencies are presented in Figures 4 and 5 , respectively. Figure 4 shows an increase in minimum, median, and maximum contacts with increasing ordinal categories. For hand-tomouth contacts, parental reports of children who`almost never' mouthed their fingers or hand had a minimum frequency count of 0.0 contacts per hour, while children reported to`sometimes' mouth their fingers or hand had a minimum frequency count of 8.8 contacts/h. Maximum values for children reported to have`almost never' and sometimes' mouth their hands were 10 and 20.5 contacts/h, respectively.
Comparison of object-to-mouth contact rates obtained by parental reports and videocassettes is presented in Figure 5 . Unlike mouthing of fingers, no trend is observed with respect to minimum or maximum values for the corresponding ordinal categories on parental reports. For example, a maximum of 6.6 contacts/h was reported for one child who was reported to`sometimes' mouth objects; while a maximum of 5.4 contacts/h was reported for a child who was reported to`often' mouth objects. Median values, however, increased between children who were described as`sometimes' and`often' mouthing objects.
Discussion
During the 1 1/2 years of this investigation, the reliability of the translation method was assessed numerous times. Over the 1-week period of training, there was a marked increase in Spearman correlation and kappa coefficients between the frequency scores of the two trained observers. A final correlation of 0.999 at the end of the 1-week period indicates that the methodology requires a training period of approximately 1 week in order to obtain very reliable data. Continued reliability assessments were conducted at various stages of the investigation to ensure that the observers were able to maintain a high level of agreement in their scoring methods. Each of the reliability investigations confirmed that the methodology developed can produce high agreement in frequency count scores.
Previous research by Zartarian et al. (1995) indicated that it might be necessary to employ a direct observation method to supplement questionnaire data on children's activity patterns commonly supplied by parents. Findings from the current investigation found that parental reports may need to be supplemented with a videotaping technique to provide detailed information on actual frequency of hand and mouthing behaviors. Comparisons of categorical data obtained from residential parent questionnaires and frequency scores obtained from videotapes found that parents may be able to provide reasonable qualitative 
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Quantification of children's hand and mouthing activities through a videotaping methodology information on their children's hand-to-mouth behaviors. In contrast, categorical data from questionnaires for objectto-mouth behaviors did not consistently correspond with direct observation frequency counts. The inconsistencies in parental responses with respect to hand and object mouthing indicate that a direct observation methodology is necessary to provide accurate frequency count information. Before any conclusions can be drawn regarding the accuracy of parental reporting, it will be necessary to conduct additional research, which includes sample sizes larger than the 10 parents and children included in this study.
Quantitative information on children's hand and mouthing activities is important in reducing some of the uncertainties that currently exist in risk and exposure analyses. Frequency counts of children's behaviors can be combined with environmental concentrations of toxic substances to estimate potential doses. Currently, calculations either exclude hand and mouthing frequency counts, or rely on educated estimates of contact rates. For example, Lepow et al. (1975) and Duggan and Inskip (1985) both estimated a low hand-to-mouth frequency rate of 10 times/day.
Recently, attempts have been made to consider hand and mouthing behaviors in the estimation of exposure for the dermal and ingestion pathway. Work being done by USEPA (1997) to develop guidelines for calculating exposure to pesticides under several exposure scenarios suggests a value of 1.56 contacts/h for the hand-tomouth frequency rate. Unfortunately, the methodology for obtaining the EPA value was based on simultaneous real time observations of five children at a time in day care settings, of observation periods ranging from 20 s/ child to 20 min/child (Dary, 1998) , which essentially reported spot-sampling. If one assumes that the moment the observer focused on one child, the other four children were not observed, it is possible that the true value would be closer to that obtained by our study and Zartarian's study. For 30 children, our videotape results indicate an average of 9.5 contacts/h for hand-to-mouth contacts, which will increase exposure estimates by as much as a factor of 6. Zartarian et al. (1997) utilized videotaping to quantify hand-to-mouth behaviors and obtain a value of approximately 9.0 contacts/h for four children, which is consistent with our results. The values obtained from the current investigation and from the Zartarian et al. study are based on direct recorded observational data from 3±7 h /child and provide more precise hand and mouthing rates than questionnaires, spot sampling, or educated guesses. It is important, however, to continue to expand the current database on videotaped activities in order to obtain representative frequency distribution data required in risk and exposure analyses.
Conclusions
Results from the current investigation found that the videotaping methodology produced reliable, quantitative data on the frequency of children's hand and mouthing activities. Frequency data were found to be more accurate than parental reports of children's behaviors. Further work is needed to determine the influence of these contact and mouthing behaviors on children's exposure to environmental contaminants. Additional videotaping studies need to be conducted to increase the present database on children's hand and mouthing frequency rates and to expand it to include children over a wider range of ages.
